In addition, advances in amplification technology provide a vast number of choices in terms of the devices that will be selected for a given child. Recent studies have begun to confirm what most professionals who work with children with hearing loss have known for a long time: the earlier hearing loss is identified and habilitation begins, the better for the child (Moeller, 1995; Ruben, 1997; Yoshinaga-Itano, et al, 1998) . The challenge to the audiologist when fitting amplification is to ensure that "the speech signal is audible, comfortable, and clear, and that the child is resistant to noise interference in the vast majority of communication environments in which formal and informal learning takes place." (The Pediatric Working Group, 1996) .
WHAT IS DIFFERENT AHOUT FIlTING CHILDREN? Ear Canal Acoustics
There are factors specific to the pediatric population that must be considered. First, children's ears are smaller than adults' ears. Consequently, the sound pressure level (SPL) delivered to their ears via hearing instruments may be greater than that delivered to an adult ear (Nelson Barlow et al, 1988; Feigin et al, 1989; Westwood and Bamford, 1995) . For example, Feigin et al(l989) measured real-ear-to-coupler differences (RECD) in children (ages 4 weeks to 5 years) and in adults. Results revealed greater RECD values for children, with the greatest differences occurring in the 0-12 month age group. Based on their results, it was predicted that RECD values for children would fall within 1 standard deviation of the adult mean by 7.7 years of age. Westwood and Bamford (1995) also measured RECD values for infants under 12 months of age. They found that real ear measures were greater than coupler measures at all frequencies. Table 1 , which is modified from Westwood and Bamford (1995) , compares RECD measures obtained in their study with those for children and adults from Feigin et al (1989) for the frequencies 1000-4000 Hz. Some of the variability across the two studies may be related to procedural differences. It is important to note, however, that for both studies, the average RECD measured for children is considerably higher than that for adults at most frequencies.
Thus, if predictions of hearing instrument performance are based on measures made in couplers approximating the size of an adult ear, the actual output in the ear of an infant or child may be underestimated, resulting in possible rejection of the hearing instrument and/or damage to residual hearing.
External ear canal resonance (often referred to as the real ear unaided response or REUR) in children also varies as a function of age (Kruger, 1987; Kruger and Rubin, 1987; Bentler, 1989; Demptster and MacKenzie, 1990; Westwood and Bamford, 1995) . Kruger and Rubin (1987) measured the average ear canal resonance frequency of infants from birth to 37 months of age. Their findings indicated that the average resonance frequency decreased as a function of age, reaching adult-like values by the second year of life. Westwood and Bamford (1995) performed serial measures of REUR over an 18 month period on infants who were 1 3 months at the first visit and 21 months at the last visit. They found that the primary peak of the REUR decreased during the first year of life, with considerable fluctuation in the peak frequency after that time. The differences in adult and infantkhild REURs are important to the development of hearing instrument prescriptive targets which use transfer functions to convert sound field thresholds obtained in dB HL to ear canal thresholds in dB SPL.
Loudness Discomfort Level
Given that the sound pressure level for a given signal will often be greater in a child's ear than in an adult's ear, it is important to select output limiting of the hearing instruments so that it will not be uncomfortably loud or cause further damage to the auditory system. When selecting hearing instruments for an adult, subjective measures of uncomfortable loudness often are used to assist in the selection of appropriate output settings. A variety of methods have been recommended and used to obtain these measures in adults (Kamm et al, 1978; Cox, 1981; Walker et al, 1984; Hawkins et al, 1987) .
Age may limit the possibility of obtaining LDL measures in children. Kawell et al (1988) tested twenty children (7-14 years) and twenty adults using a modified version of the adult method described by Hawkins et al (1987) . Five loudness categories were represented by faces (Fig. l) , and children were instructed to point to the face that represented the loudness of the sound they heard. Results suggested that hearing-impaired children as young as 7 years were able to perform the loudness discomfort level (LDL) task. In addition, comparison of results to those obtained with adults with similar hearing loss revealed no significant differences in LDLs between the two groups. Stuart et a1 (1991) modified the method described by Kawell et a1 (1988) by using an insert earphone to deliver sounds to the ear and a probe microphone system to monitor sound pressure level in the ear canal. MacPherson et al(l991) developed an LDL technique in which they trained children with normal hearing who had mental ages between 4 years 3 months and 7 years 9 months using the concept of "too much". Reportedly, the tasks were designed so that language and cognitive demands would be appropriate for 4-year-old children with hearing loss. Results indicated that children with normal hearing who had mental ages of 5 years were able to perform the task. Training time for the tasks in this study averaged 10-15 minutes, which may limit the use in a clinical setting. Further research using the same task with less training may be necessary to determine clinical utility. In addition, research using the task with hearing-impaired children is needed to make generalizations to that population. For children younger than 5 years, no techniques for establishing LDL have been developed.
Based on current measurement limitations, what information is available to help the audiologist make informed decisions about maximum output in hearing instruments? Seewald (1991) discusses considerations for selecting hearing instruments output limiting characteristics for children. That information provides a useful starting point for the selection of maximum output in hearing instruments and will be summarized here. Recall that the goal of amplification is to achieve audibility, comfort and safety with the selected devices. As Seewald states (1991) , "On the one hand, we do not want to deliver sound at levels that exceed the child's loudness discomfort values (LDLs) and that may be potentially hazardous to the auditory mechanism; on the other hand, we need to ensure audibility of the amplified speech signal (pg. 21)".
In terms of comfort, LDL values are an obvious place to start with regard to limiting output. As discussed earlier, however, obtaining individual LDL measurements with young children often may not be possible. One alternative to measuring LDLs with this population may be to predict them from information that is available about LDLs from other populations. For example, from adult studies (Kamm et al, 1979; Pascoe, 1988; Skinner, 1988) , it appears that the relationship between hearing threshold and LDL is nonlinear.
In regard to safety, what output limiting guidelines currently exist for individuals for whom LDLs cannot be measured? Table 2 summarizes recommendations for setting maximum output for infants and young children from a variety of sources. To facilitate hearing instruments preselection, all values are referred to a 2-cm3 coupler. As stated previously, the actual SPL measured in a child's ear would be higher. From some sources (e.g., Seewald et al, 1997) recommendations for real ear measures also are available.
For children with severe-profound hearing loss, it is important to ensure that maximum output is not set so low that audibility of speech is compromised unnecessarily. Studies that provide information regarding the sensation levels of amplified speech needed to ensure audibility of the important features of speech can provide insight into this issue (Erber and Witt, 1977; Smith and Boothroyd, 1989) . Erber and Witt (1977) evaluated children with severe and profound hearing loss using speech signals presented at various sensation levels between threshold and LDL. Results indicated that children with severe hearing loss achieved their highest word recognition scores (percentage of words recognized correctly) at an average of 31 dB above threshold. Those with profound hearing loss showed their highest word categorization scores (percentage of words categorized correctly by stress pattern) at an average of 22 dB above threshold. Smith and Boothroyd (1989) evaluated perception of phonologically significant contrasts as a function of sensation level for children with severe and profound hearing loss in both low and high pass filter conditions. Results suggested that at least 12 dB sensation level was needed to achieve maximum word recognition. However, this sensation level was limited by the output of the audiometer, suggesting the possibility that higher sensation levels may have resulted in higher recognition scores. Especially for children with severe and profound hearing losses, it is important not to limit the output to such a degree that audibility and resulting speech understanding are severely compromised.
Clitiicnl Itnplicniiotis. As research has shown, the output of hearing instruments at a given input level will, on average, be higher in a real ear than it is in the 2-cm3 coupler. For children, it may be considerably higher. If those differences are not taken into account when selecting and setting hearing instruments the resulting fitting may be uncomfortably loud for the child in use conditions and may increase the risk of further deterioration of hearing from over amplification. When presetting hearing instruments (e.g., output limiting), measures most often are made in a hearing-instrument test box using a standard 2-cm3 coupler. Optimally, RECD measurements should be made for each child, using hidher personal earmolds. The results 'UCL is predicted from pure-tone thresholds and estimates of SSPL90 are based on predicted UCL *Recommends subtracting 6 dB from SSPL90 for infants (0-2 yn). 3 dB for children 2-5 yrs. and 5 dB for each hearing instrument when aiding binaunlly at any age may be used to customize the hearing-instrument prescription by adding the measured RECD values to the 2-cm3 coupler values. Information regarding RECD measurements for children is available in other sources (Hawkins and Mueller, 1992; Moodie et al, 1994; Bentler and Neibhur, 1998) . At the very least, average RECD values for age should be used in the development of gain and output targets.
Developmental Factors
Another variable that must be taken into account when selecting amplification for infants and young children is their developmental level. Developmental level will affect the amount of information available to the clinician during hearinginstrument preselection, fitting and follow-up. Depending on the age at which the hearing loss was identified, the amount of audiological information available may be very limited. In extreme cases, only auditory brainstem response, otoacoustic emissions, and immittance measures may be available. If behavioral testing has been performed, results may be limited to sound field data or to only a few frequencies in each ear. In many cases; speech and language testing cannot be completed. In addition, behavioral test results may fluctuate as a result of middle ear status or the child's cooperation during the test.
Research has shown that children's auditory perception is different from adults in a number of ways (Elliott, 1979; Noua, 1987; Nittrouer and Boothroyd, 1990; N o v a et al, 1990; Nozza et al, 1991; Allen and Wightman, 1994) . N o u a (1987) and Nozza et a1 (1991) evaluated the ability of infants to discriminate acoustically similar phonemes compared to adults. In both'studies, results indicated that infants required greater signal intensity to achieve maximum performance on the tasks compared to adults.
Unlike adults, children are learning speech and language and do not have the same world knowledge as adults to assist in their perception of that language. Nittrouer and Boothroyd (1990) , for example, evaluated the effects of context on the perception of speech in noise for children ages 4 years 6 months to 6 years 6 months and compared results to those of young and older adults. In general, children's recognition scores were poorer than those of young adults. The authors concluded that young children could not use semantic information in the same way as adults. Using the Speech Perception in Noise (SPIN) test, Elliott (1979) evaluated performance of children between 9 and 17 years of age in the presence of background noise at 3 signal-to-noise ratios (SNR) for low predictability (LP) and high predictability (HP) sentences. Nine-year-olds performed poorer than all other age groups for all conditions. She concluded that, for this group, the babble may have affected performance on the LP sentences while lack of knowledge about language rules or an ability to use that knowledge may have affected performance on H P sentences.
Clitiicnl Itiiplicariotis. From a clinical standpoint, developmental factors have numerous implications. Children are physically smaller than adults and they are growing. Thus, when selecting hearing instruments for small ears, behind-the-ear models are usually the style of choice. It is helpful to choose instruments that are small enough to fit snugly behind the ear so that thcy will not become uncomfortable or distracting. Using kiddie tone hooks with hearing instruments will further enhance retention (Fig. 2) . In most cases, earmolds should be made of a soft material for comfort and retention. They may need to be replaced more frequently for children who are still growing, to help ensure maximum benefit from the hearing instruments over time. The smaller size of children's earmolds also restricts the type of modifications that can be made to the earmolds. Consequently, attempts to modify the signal that is received in the ear must be made primarily by adjusting the internal controls of the hearing instruments or the tone hooks.
As stated previously, initial audiological information may be limited. Therefore, it is important to select hearing instruments with flexible electroacoustic characteristics. It also will be helpful to have hearing instruments that are compatible with a variety of filtered tone hooks to increase options for adjusting frequency/gain characteristics. Binaural hearing instruments should be the amplification option of choice for children and should be continued unless behavioral evidence 
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suggests othenvise (The Pediatric Working Group, 1996) . For very young children, evidence might include consistent rejection of an appropriately fit hearing instrument when physical comfort and behavioral issues have been ruled out as causes, poorer auditory responsiveness with a binaural fitting, or, as the child gets older, poorer word recognition scores in binaural vs monaural conditions. Infants and young children do not have the cognitive skills needed to operate and care for hearing instruments. Thus, with this population safety is another important concern. Tamper resistant battery compartments and volume control covers should be considered. If the hearing instruments of choice do not have these features, commercial products, such as Moisture GuardThf or Super SealsThf, can be used to render the battery compartment and/or volume control inaccessible.
The Listening Environment
The overall level of speech reaching the hearing-instrument microphones at any given time is known to vary with the distance between talker and listener and the vocal effort of the talker. At a very young age, the distance between the talker and listener may be fairly small since infants often are held in the arms of their parents. As the child gets older and more mobile, the distances may vary considerably as a child moves from a position next to a talker to one that may be several meters away (often in the blink of an eye!). Stelmachowicz et al (1993) examined the effects of distance and postural position of children and parents on the long-and short-term characteristics of the parent's speech, measured at the ear of the child. Results indicated that, when the child and parent are in close proximity (e.g., child being held in the adult's arms or on hidher hip), the overall level of speech at the child's ear may be 10-15 dB higher than it would be at a conversational distance of 1 meter. Conversely, average conversational speech from a distance of four meters may be about 12 dB lower than at 1 meter. Stelmachowin et al (1996) describe a computer program developed to help quantify the audibility of speech across a range of listening conditions (Situational Hearing Aid Response Profile (SHARP)). The purpose of the program is to allow the user to evaluate the audibility and dynamic range of speech across a range of typical listening levels. Thus, information is entered about the child's hearing loss, ear characteristics (e.g., RECD, REUR), and hearing-instruments elec-troacoustics. The user then selects one or more of thirteen speech spectra. Results are plotted in terms of audibility of the speech signal in the ear canal and can be portrayed in both unaided and aided conditions. An aided audibility index (ranging from 0 to 1) also is given for each condition. Results are helpful in comparing audibility of aided and unaided speech at different distances or for different vocal efforts, evaluating the audibility of the child's own voice, evaluating the head shadow effect for monaural hearing-instruments fittings, or for comparing the audibility of speech across hearing instruments with different types of circuitry. Figure 3 illustrates unaided and aided audibility of two different speech spectra for a child with a moderate sensorineural hearing loss using a wide dynamic range compression (WDRC) hearing instrument. In each panel, the Xs represent thresholds for the left ear in dB SPL in the ear canal. The solid line represents the average level of speech and the dashed lines represent the peaks and valleys of the spectrum for average conversational speech at one meter (panels A, B) and the user's own voice (panels C, D). The hatched area represents the portion of the spectrum that would be audible to the listener in the unaided (panels A, C) and aided (panels B, D) conditions. For the aided conditions (panels B, D) the asterisks represcnt maximum output of the hearing instrument. As the graphs show, only a portion of either speech spectrum would be audible in the unaided conditions. When the child is aided with a WDRC hearing instrument, the entire spectrum would be audible.
As children reach school-age, the typical distances at which they will be listening to speech may vary considerably throughout the day as both student and teacher move about and as the student listens to other talkers from around the room. Leavitt and Hexer (1991) evaluated the integrity of speech-like signals at various locations in a classroom using the Rapid Speech Transmission Index (RASTI). With a score of 1.0 representing perfect reproduction of the transmitted signal, they reported scores ranging from 1.0 at a reference microphone located 6 inches from the loudspeaker to 0.55 at a distance of almost 11 meters (the back row of the class). Even in the center of the front row of the class the score was only 0.83. Although results cannot be used directly to prcdict speech understanding in the test environment, they do indicate a decrease in the fidelity of the signal as a function of distance.
Understanding in different listening environments also is affected by both noise and reverberation. As these levels increase, understanding decreases. Although noise and reverberation affect all listeners, research has indicated that children are affected to a greater extent than adults (Nabelek and Robinson, 1982; Nozza et al, 1990 ) and that children with hearing loss are affected more than those with normal hearing (Finitzo-Heiber and Tillman, 1978; Boney and Bess, 1984; Crandell, 1993) . In an evaluation of infant speechsound discrimination in the presence of noise, No7.a et a1 (1990) found that, although infants' performance improved as SNR ratio increased, they required greater SNRs for given levels of performance than did adults. Nabelek and Robinson (1982) evaluated speech perception in reverberation for subjects in six age groups (10,27,42, 54,64, and 72 years) . Target performance of 60% was reached at the lowest level by the young adults (27 years). When comparing the performance of 10-year-olds to that of young adults, results indicated that the children required signals that were 5 dB higher to achieve the target performance.
Finitzo-Heiber and Tillman (1978) evaluated word recognition for children with mild-to-mod-erate hearing loss and children with normal hearing at four SNRs and three reverberation times. In all environments, the children with hearing loss performed more poorly than those with normal hearing. Crandell (1993) evaluated speech perception abilities of children with minimal hearing loss (pure tone averages from 15 to 25 dB HL) compared to children with normal hearing in the presence of varying levels of background noise. Again, children with hearing loss performed more poorly than those with normal hearing across all conditions. In addition, the differences between the two groups increased as the SNR became poorer. Hawkins and Yacullo (1984) reported a significant advantage of binaural hearing instruments over monaural when evaluating speech recognition in the presence of noise and reverberation, which is another reason for selecting binaural amplification when fitting children. Research also has shown improvements in SNR for the primary signal in the presence of noise and reverberation when a remote microphone is placed near the mouth of the talker as is the case with frequency modulated (FM) systems (Blair, 1977; Hawkins, 1984; Nabelek and Donahue, 1986; Van Tasell et al, 1986; Blair et al, 1989; Jones et al, 1989) . In addition, use of a remote microphone ensures that the primary talker's voice will remain at a constant level as distance between talker and listener varies.
CIiiiicnl Iuiplicntiom. The hearing instruments that are selected for a child with hearing loss will have an impact on the development of speech and language. When preselecting those devices, a number of outside factors, which cannot always be controlled, may impact decisions regarding style and circuitry. These factors include distance between talker and listener, noise, and reverberation. For children younger than three years, the close proximity between talker and listener should be considered when selecting the form of output limiting to be used. Children require a better SNR than adults when listening under degraded listening conditions. Thus, FM amplification systems should be considered as an amplification option for all children in both academic and non-academic settings. Hearing instruments should be selected that have options such as telecoils or direct audio input which allow coupling to Fh4 systems. Again, binaural amplification should always be the option of choice unless otherwise contraindicated.
Technological advances in hearing instruments also have improved their ability to function in many different listening environments. The next Tretuis iti Atiiplificntion section will address some of these advances and considerations for use with children.
ADVANCED HEARING INSTRUMENTS TECHNOLOGY
Recent advances in amplification technology have greatly increased the options that are available for all individuals with hearing loss. Much of the research investigating advances in amplification has focused on adults. Although children are different from adults in many ways, adult data can provide insights into how these various forms of signal processing can be used with children. Thus, in each of the following sections data from both populations will be reviewed. Hickson (1994) , Dillon (1996) and Kuk (1996) provide excellent tutorials and summaries of much of the research on compression amplification. In general, results across studies have been variable and differences among studies limit the ability to make direct comparisons. Dillon's (1996) summary of research results to date states: ''. . . in quiet and without variation of the volume control, a compression system with a suffciently low compression threshold will enable good speech intelligibility to be maintained over a wider range of overall input levels than can be achieved with linear amplification. Furthermore, such compression will not decrease intelligibility. even when speech is at optimal levels for the linear amplifier. . . compression limiting gives superior quality to peak clipping, although the hearing instrument needs to be sufficiently saturated for the advantage to occur. . . There appears. . . no reason not to use output controlled compression limiting over peak clipping, except for the most profoundly impaired listeners.
Compression
It seems likely that, for speech in quiet at a comfortable level, adding compression to linear amplification with suitable response shaping will not significantly increase intelligibility. . . It seems possible that dual time constant wide band compression combined with compression limiting of the high frequencies will give better speech intelligibility in noise than can be obtained with a linear system" (Dillon, 1996, pg 305) . Stelmachowin et a1 (1998) looked at the audibility of speech for adult listeners fitted with 2-channel wide dynamic range compression (WDRC) hearing instruments using a loudness based fitting al-gorithm. An Aided Audibility Index (AAI) for soft, average and loud speech was computed for each of 82 ears using each subject's use gain values. Although the study was performed with adult subjects, the results were discussed in terms of implications for fitting children. Results revealed AAI values ranging from 0.07 to 0.80. Transfer functions were used to estimate speech intelligibility for both continuous discourse and nonsense syllables. Across all degrees of hearing loss, predicted percent correct was higher for continuous discourse than for nonsense syllables. If it is assumed that continuous discourse represents a typical speech input for an adult, it appears that a loudness based algorithm should produce good speech intelligibility. However, nonsense syllables may be more representative of speech input for a child who is learning speech and language. The predicted intelligibility of nonsense syllables suggests that, across many conditions, the audibility achieved with a hearing instrument using the manufacturer's algorithm would be inadequate for children with greater than a moderate hearing loss. Christensen and Thomas (1997) compared the performance of three signal processing strategies available in a single programmable hearing instrument (linear peak clipping (LPC), linear compression limiting (LCL) and WDRC. Subjects were 12 children 9-14 years of age who had mild to moderate hearing loss. Each type of processing was used for two months. Speech recognition measures for words and sentences in both quiet and noise were performed for each strategy. Kesults indicated that the children performed better with WDRC or LCL than with LPC for most conditions. Differences between WDRC and LCL were not significant.
Seewald et a1 (submitted) compared WDRC and LPC in a two memory single-channel hearing instrument. Subjects were twelve adolescents/ young adults with mild to severe sensorineural hearing loss. In a first experiment, loudness growth for warble tones and five environmental soynds was measured for both WDRC and LPC. Results indicated that WDRC provided a greater input dynamic range and a closer approximation to normal loudness growth than did LPC.
In a second experiment, the investigators measured performance on two speech perception tasks where all the stimuli had been filtered to represent five listening conditions where speech would reach the listener's ear at different input levels. An unaided and two aided conditions (LPC and WDRC) were used for each listening condition. Results indicated that performance was the same for the two aided conditions at average speech inputs. Performance for the WDRC circuit was the same for all input levels. The performance for the LPC circuit, however, was significantly poorer at high level inputs. Stelmachowicz et al (1999) evaluated perceived clarity of speech processed through a hearing instrument using either peak clipping (PC) or compression limiting (CL) with adaptive release time for thirty subjects with normal hearing and thirty with mild to moderate hearing loss in three age ranges (7-9 years, 10-12 years, 16-50 years). A physical measure of distortion also was performed. There was a decrease in perceived clarity for PC as input level increased for adults with normal hearing and hearing loss and for 10-1Zyear-olds with normal hearing. The youngest children with normal hearing and both groups of children with hearing loss showed only minimal differences in perceived clarity. Surprisingly, the majority of subjects with hearing loss preferred PC over CL for high level input signals, while listeners with normal hearing preferred CL over PC. Octave band analysis of signal-to-distortion ratios suggested that listeners with hearing loss may base their judgments of clarity on different frequency regions of the speech signal than do listeners with normal hearing.
Roothroyd et al(1988) evaluated nine children with severe-profound hearing loss (11-16 years) on a test of speech pattern perception. A twochannel master hearing instrument was used both with and without amplitude compression. Results indicated that eight subjects showed small but significant decreases in performance with compression while the remaining subject showed a marked improvement in performance. The authors proposed that the improvement for this one subject was due to increased audibility of speech cues with compression and the reduction for the other subjects was due to distortion of timehntensity cues.
Ellekjaer-Jensen and May (1998) used questionnaires to evaluate eleven children (ages 8-17 years) with different degrees and configurations of hearing loss whose hearing instruments were being switched from peak clipping (PC) to compression limiting (CL). Children were fitted with multi-memory programmable hearing instruments which could be configured as either PC or CL hearing instruments. Initially, the children wore the hearing instruments for eight weeks with PC, then for eight weeks with CL. Questionnaires evaluating the child's current hearing instruments, the hearing instruments with PC and the hearing instruments with CL were completed by the children, their parents and their teachers. Seven of ten children who completed the study were changed to the CL hearing instruments based on subjective benefits (e.g., improved audibility and signal clarity and, for some, reported improvements in spoken language). One child was changed to the new instruments with P C rather than CL based on subjective reports and two children kept their current hearing instruments. For one of the two children who kept their current instruments, classroom performance was reported to be poorer with the new instruments and for the other, parents, teachers and the child herself reported better performance with the old instruments.
Prmticnl Issues. When fitting compression hearing instruments with low compression thresholds (40-50 dB SPL; e.g., WDRC instruments) to infants and young children, acoustic feedback may be a problem for several reasons. WDRC circuits provide their greatest gain for low level input signals so the potential for feedback is greater. Since children are still growing, the fit of their earmolds will not always be optimal. If caregivers set the volume controls of the hearing instruments to levels below those that were recommended because of feedback, inadequate amplification for speech signals at some input levels may result. Caregivers should be instructed to return for new earmolds whenever feedback becomes a problem rather than simply reducing the volume controls of the hearing instruments until they return for n regularly scheduled appointment. If desired volume settings cannot be maintained, even with appropriate earmolds, a different circuit may be needed.
It also is important to remember that for input compression circuits, the output of the system typically is tied to the volume controls. If it is possible to use the hearing instruments at a single volume control level, volume control covers can be used. If volume control covers are not available or if there is a possibility that the volume controls will need to be adjusted, the maximum output should be set so that output remains at safe levels even if the volume controls are inadvertently set to full-on. In cases where the use setting of the hearing instruments would be significantly below the full-on setting, however, setting the maximum output relative to the full-on volume setting may limit output at use settings to levels that are inadequate.
To avoid problems that arise when the volume control of hearing instruments is set too low or too high, instruments without volume controls might be considered. In this way, the managing audiologist would be in charge of gain and output via th.: internal controls of the instruments. However, recall that with very young children, complete audiological information may not be available at the time of the initial fitting. The volume control allows caregivers to increase or decrease gain based on their observations of the child's auditory responses until they can return to the audiologist for adjustment of the hearing instruments. Without the volume control, caregivers might choose to remove the instruments altogether rather than deal with feedback or concerns for overamplification. These potential problems highlight the need for c?ose contact between the audiologist and the child's family, as well as other persons involved in the child's care.
For listening in noise, research to date has failed to demonstrate statistically significant differences in speech recognition when comparing linear compression limiting to WDRC. For some children with severe-profound hearing loss, compression systems may not provide sufficient gain and maximum output to render important speech and/or environmental cues audible.
Multi-Memory Hearing Instruments
Studies evaluating multi-memory hearing instruments have relied largely on subjective measures to determine efficacy. For example, Kuk (1992) evaluated nineteen elderly hearing-instrument users with a four memory hearing instrument. The subjects selected the response to be programmed into each memory using a modified simplex procedure. After using the various memories in different listening conditions, the subjects reported their satisfaction with each memory across these situations. For all listening situations, subject satisfaction was greater for the multi-memory hearing instruments when compared to the subject's own hearing instruments.' However, not all subjects showed a preference for different memories in different listening situations. The author suggested that individuals who do not demonstrate differential preferences for different memories may not be candidates for this technology. Some subjects also reported concerns about the remote control (e.g., inconvenience, possibility of loss) but most were willing to make accommodations in view of perceived improvements relative to their own hearing instruments. In this study, preference for the multi-memory hearing instruments result-ing from improved circuitry relative to the user's own hearing instruments rather than the presence of multiple memories cannot be ruled out. Stelmachowin et a1 (1994) investigated subjects' choices for frequency/gain characteristics of a CL hearing instrument in five different listening environments. Results indicated that changes across environments, if any, tended to be changes in overall gain rather than in the relative frequency response of the system. The authors recommended further evaluation in more diverse listening environments and with different signal processing strategies. Keidser (1995) reported that most subjects with mild or moderate, flat or sloping hearing loss showed a preference for different amplification schemes in different listening conditions. The findings of these two studies suggest the importance of sufficient differences in processing across memories in order for users to perceive performance differences in different environments. Christensen and Thomas (1997) in their study of older children (9-14 years) using a multi-memory hearing instrument, found that their subjects reported subjective benefit from being able to switch memories in different environments. Further evaluation of the efficacy of multi-memory hearing instruments, especially for younger children, is needed.
Practical Issues. When considering multi-memory hearing instruments for infants and very young children, a number of questions immediately come to mind. First, how should the memories in the hearing instruments be programmed? One possibility would be to select a basic frequency response and vary it slightly in additional memories. Parents and educational personnel could be instructed to use the different memories in various listening environments and observe the child's responses. Alterations in the frequency/gain characteristics of the hearing instruments could be made based on those observations and on additional information obtained from objective testing, as it becomes available. Another possibility, which has been suggested by at least one manufacturer, is to select responses for the various memories based on the anticipated speech levels for a particular environment. Thus, for an infant, one memory could be used when the infant is being held in a caretaker's arms and another could be used when the infant is farther away. However, when an infant is mobile and distances between talker and listener are changing rapidly, it would not be realistic to expect caregivers to change memories as quickly. In these instances, it may be more realistic to select memories based on general listening situations (e.g., in the car, in the home, at the park, etc.).
Finally, it could be recommended that only a single memory be set initially, with additional ones added as more information becomes available about the child's hearing loss, listening environments or understanding of speech and language. The latter recommendation would only be useful if it could be expected that the additional memories would become useful during the life of the hearing instruments.
If a decision is made to use multiple memories, how will the effectiveness of initial choices be evaluated? For young children, input from caretakers and service providers may be the only means of evaluation available. Currently, there are no tools designed to determine the efficacy of multiple memories with children. Thus, systematic methods for gathering the necessary information will need to be developed which will be sensitive to the anticipated effects of processing and designed to minimize bias.
If multi-memory hearing instruments are selected, it is important to determine who will be in control of selecting memories for various situations and to ensure that they understand how and when to use the systems. If inappropriate choices are made consistently, they may impact on the child's speech and language development.
Directional Microphone Technology
Directional microphone technology is not new. However, recent advances in wearable, multimicrophone devices have provided additional options. In general, directional microphones in hearing instruments are designed to improve the SNR for the primary signal when presented at a 0" azimuth. Studies with single microphone systems have shown benefit in noisy situations. For example, Hawkins and Yacullo (1984) reported 3 to 4 dB improvement in SNR for directional microphones in conditions where the primary signal was at 0" azimuth and the noise at 180" as long as the reverberation times (RTs) were relatively short (0.3 and 0.6 sec). At a longer RT (1.2 sec), the directional microphone advantage decreased. They predicted that the directional microphone advantage in rooms with longer RTs could be increased if the talker-to-listener distance was less than the critical distance of the room. Leeuw and Dreschler (1991) evaluated speech reception thresholds (SRT) for listeners wearing monaural hearing instruments with omnidirectional and directional microphones. Testing was performed in rooms with different reverberation times in the presence of background noise presented from five azimuths (0-180"). Results indicated an advantage for the directional microphone across all conditions, except when noise was presented at a 0" azimuth in the room with lower RT. In that room, the difference in mean SRT values increased as azimuth of the noise increased. In the room with a larger RT, the differences in SRT between microphone types remained essentially the same across all noise azimuths.
Valente et a1 (1995) measured speech recognition in noise with omnidirectional and directional microphones which used dual microphone technology. Subjects were 50 adults with mild to moderately severe sensorineural hearing loss. Results indicated mean improvements in SNR of approximately 8 dB for the directional microphone condition (re: omnidirectional condition) when the speech was presented at 0" azimuth and the noise was at 180" azimuth. Gravel et al(l999) evaluated twenty children with mild to severe hearing loss using omnidirectional and dual-microphone modes of operation. Results of speech recognition testing in noise for both words and sentences revealed a statistically significant advantage for the dual microphones across all conditions. Practical Issues. When considering hearing instruments with directional microphones for children, safety must be addressed. When the hearing instruments are in the directional mode of operation, sounds from the sides and rear will be attenuated. The amount of attenuation may vary from one device to another and from one listening environment to another. When it is important for a child to be able to hear sounds from all directions (e.g., when riding a bike or crossing the street) the hearing instruments should be able to be used in an omnidirectional mode. In addition, when conversation will be taking place from a variety of locations around the child (e.g., a classroom discussion) an omnidirectional microphone would be required. Thus, in a group with only one main talker, the directional mode would be selected, but for conversation among the entire group, the omnidirectional mode would be used.
Additionally, young children do not always understand the rules of communication and may not have learned to maintain eye contact and face the person who is talking with them. In these instances, the directional microphone would hinder rather than enhance communication. Since much learning takes place incidentally, it would often be desirable for a child to be able to hear sounds and conversation taking place from many directions. The directional microphone would be useful in situations where the signals of importance are coming from a single location and the omnidirectional microphone would be most useful in situations where wanted sounds must be heard from numerous locations. Since adult caretakers are the ones who will be in control of the way the hearing instruments are used when children are young, it is critical for them to understand how and when to use the directional microphone.
Special care should be given when considering directional microphones for children with visual deficits. These children, in particular, require information from sound sources all around them to make decisions about their listening environments. Although there may be specific instances when a directional microphone will be helpful (e.g., when there is a single main talker in front of the listener), it is important that the child be able to change from directional to omnidirectional microphone depending upon the situation.
Frequency Modulated (FM) Systems
Regardless of the hearing instrument technology available, the benefits that are received will be limited if the signal reaching the hearing-instrument microphones are degraded by distance, noise, and reverberation. The hearing instruments may be able to reproduce the signal perfectly, but if the signal itself is imperfect, the amplified signal also will be imperfect. One of the best and simplest ways to overcome the effects of distance, noise and reverberation is to place the microphones in close proximity to the mouth of the talker. FM systems enable the user to place a microphone close to the talker's mouth without a hard-wired connection between the talker and listener. The signal is sent from the microphone/transmitter via FM radio waves to a receiver that is coupled to the user's ear. The benefits and limitations of FM amplification systems have been addressed in numerous sources (Van Tasell and Landin, 1980; Hawkins and Van Tasell, 1982; Hawkins and Schum, 1985; Thibodeau et al, 1988; Thibodeau, 1990;  Lewis, 1991;  Lewis et al, 1991;  Thibodeau and Saucedo, 1991; Boothroyd, 1992;  Thibodeau and Balash, 1993; Lewis, 1994;  Lewis, 1998) and will not be discussed here. Rather, this section will focus on FM amplification systems as primary amplification. Benoit (1989) investigated the use of FM amplification systems as primary amplification for children ages 1-4 years. Using questionnaires completed by the parents, he evaluated: 1) how the children adjusted to use of the body-style FM receivers, 2) how parents adjusted to use of the microphone/transmitter, and 3) what changes, if any, in parent-child interactions resulted from use of the systems. Two families who did not complete the study cited concerns with the bulkiness, inconvenience or visibility of the FM system. At the thrce-month questionnaire only one family reported feeling "very self conscious" about using the FM transmitter outside the home and at the six-month questionnaire no one reported this concern. For all questionnaires (3-, 6-, 12-month) the majority of parents reported that use of the FM system encouraged them to talk to their child more than when that child used conventional amplification. Other advantages that were reported included the ability to talk from greater distances and a reduction in the detrimental effects of background noise.
Brackett ( 1992) performed speech recognition measures on nineteen children with profound hearing loss (2.5 to 7 years) who wore FM systems as their primary amplification. Phoneme recognition scores were compared to those obtained by Boothroyd (1984) on a group of children (8-15 years) with profound hearing loss, who wore hearing instruments. Across the degrees of hearing loss evaluated, the children using the FM systems performed better than those using hearing instruments alone. Moeller et al (1996) performed a longitudinal study of FM system use over a 2-year period. Ten children with mild to moderate sensorineural hearing loss were divided into two groups: one used body-style FM systems at home as much as possible and the other used their personal hearing instruments. Changes in language acquisition were monitored as well as subjective benefits and practical problems associated with FM system use. No statistically significant differences in language acquisition were noted between the two groups. However, there were large individual differences in performance and some children in the FM group did make unusually large gains in some aspects of language development. Subjectively, parents and children who used the FM system reported benefits in a number of situations and most reported that they would use FM systems as assistive listening devices. Practical problems identified throughout the study included the size, bulkiness and greater visibility of the systems, complexity of FM systems relative to hearing instruments, FM interference, and decisions about the appropriate mode of operation t o use in a given situation. In addition, information received from families indicated many instances where the FM system was used inappropriately (e.g., as an intercom).
Recent advances in FM technology have led to smaller and more lightweight FM transmitters and FM receivers that are contained in behindthe-ear receivers or in audio boots that can be attached to behind-the-ear hearing instruments. In addition, new channels for FM transmission will help to reduce many of the interference problems that have been reported in the past. These advances make the selection of FM systems as primary amplification a much more attractive and practical option than in the past.
Prnctical Issues. There are many FM options available today and it is important that an appropriate device be selected. Body-style systems may still be the option of choice if feedback is a constant problem when ear level systems are used. In addition, for children with fine motor difficulties, the larger controls on a body-style system may be easier to manipulate. If an FM system will be coupled to a child's personal hearing instruments, it is important to ensure that the electroacoustic characteristics of the hearing instruments are maintained once they are coupled to the FM system. The smaller size of the behind-the-ear or boot FM systems makes them convenient to use in a variety of situations where body-style FM systems might be considered bulky and cumbersome. With younger children, however, there may be concerns for choking hazards with the smaller parts as well as for loss and damage. These issues should be addressed in the preselection process.
SELECTING AMPLIFICATION TARGETS
Once the choices for amplification technology have been made, it is important to specify the desired gain and output characteristics for the user's degree and configuration of hearing loss. At the preselection stage, those characteristics most often will be measured in a 2-cm3 coupler. When selecting amplification for children, only limited audiological information may be available. In addition, verification measures, which are addressed in accompanying articles (Bentler and Niehbur, 1998) , may be limited by the child's developniental level. Therefore, it is important that the audiologist select a prescriptive method carefully. In a survey of pediatric amplification fitting strate-gies, Hedley-Williams et a1 (1996) reported that I'. . .despite the availability of evidence-based fitting strategies, almost half of the respondents report always or frequently (75100% of the time) using a personal fitting strategy when selecting amplification for children regardless of the child's age. Respondents reported that they rarely use prescriptive approaches to select amplification for children (p. 109)".
Many of the prescriptive targets that are used today (e.g., Skinner et al, 1982; McCandless and Lyregaard, 1983; Byrne and Dillon, 1986; Libby, 1986; Berger et al, 1989) were developed for use with linear hearing instruments. In addition, most were developed and evaluated with adult hearinginstrument users. As stated earlier, the gain and output required for an adult may be very different than what is needed for a child. It is beyond the scope of this article to review all of the prescriptive methods that are available. This section will focus on a few of the newer prescriptive methods that have been developed for use with non-linear hearing instruments and which require only threshold information to develop targets, making them possible for use with young children.
Killion (Killion and Fikret-Pasa, 1993; Gitles and Niquette, 1995; Killion, 1995) developed a computer based approach for fitting non-linear hearing instruments based on average loudness growth data from a number of studies with adults.
The goal of this procedure, called FIG6, is to restore normal loudness growth for individuals with hearing loss. From the patient's thresholds, the program calculates prescribed gain for signals at low (45 dB SPL), moderate (65 dB SPL) and high (95 dB SPL) input levels. Targets for real-ear insertion and 2-cm3 coupler gain are given for behind-the-ear, in-the-ear, in-the-canal, and completely-in-the-canal hearing instruments. Figure 4 illustrates 2-cm3 coupler targets for low, moderate and high input level signals from FIG6 for an individual with a mild to moderate hearing loss.
The Desired Sensation Level Approach, by Seewald and colleagues (Seewald et al, 1985; Seewald et al, 1987; Ross and Seewald, 1988; Seewald and Ross, 1988; Seewald et al, 1992; Seewald et al, 1993; Seewald, 1994; Seewald et al, 1997) , is a computer based hearing instrument fitting approach developed for use with children. It is based on a number of the premises that have been discussed thus far relative to fitting amplification in this population. These include (1) that children typically wear hearing instruments at fixed settings, (2) that the amplification charac- teristics that are selected are important in the acquisition of speech and language, (3) that amplification characteristics often will be selected based on limited audiological information, and (4) that a number of the factors that are important to consider in fitting amplification will vary with age. The program allows the clinician to enter threshold information obtained in a variety of ways (real ear SPL, insert earphones, TDH earphones, or sound field). All information is converted to ear canal SPL using transducer specific coupler to real ear transforms and individually measured or age appropriate transforms for REUR and RECD. Corrections also are made for style of hearing instruments. The long term average speech spectrum used for children in this program is different from the Cox and Moore (1989) spectrum that is often used for adults. The University of Western Ontario (UWO) speech spectrum (Figure 5 ) is a compromise between average speech levels of expected conversational partners (adult males and females, children) and the intensity of the child's own voice at ear level (. Cornelisse et al, 1991) . Once information has been entered, the program calculates targets for both real ear and coupler measures. The most recent version of this program (DSL [go] ) was developed to provide an algorithm for fitting WDRC hearing instruments (Cornelisse et al, 1994; Cornelisse and Jamieson, 1995) . Thus, the clinician may choose the circuit type (linear, WDRC with fixed compression ratio, WDRC with variable conipression ratio) and hearing instruments style (completely-in-the-canal instruments have been added). The user also may select targets based on constant level pure tone or speech weighted inputs and may choose from among three different speech spectra. Targets are generated for real ear and coupler SPL and gain. Figures 6 and 7 illustrate the real-car targets generated for Mohamed, a child with a moderateto-severe hearing loss, at ages ten months and two ycars, four months. Thresholds (open squares) were obtained using sound field measurements at age ten months ( Figure 6 ) and insert earphones (Figure 7) and are expressed in dB SPL in the ear canal. In each graph, the pluses are targets for soft, average and loud speech and the triangles are predicted upper levels of comfort. Relow each graph, 2-cm3 coupler targets are shown for 65 and 90 dB mt Figure 6 . Desired Sensation Level real-ear and k m 3 targets for a 10 month old infant with a moderate to severe hearing loss. On the graph, open squares represent threshold in dB SPL in the ear canal obtained using sound field measurements, pluses (+) reprcsent targets for amplification of soft, average and loud spccch, and trianglcs are predicted upper levels of comfort. Figure 7 . Desired Sensation Level real-ear and 2-cni3 targets for a 2 year, 10 month old child with a moderate to severe hearing loss. O n the graph, symbols are as described in Figure 5 with the exception that thresholds were obtained using insert earphones. SPL constant level pure tone input signals. The changes in coupler and real ear targets for the two ages are the result in changes in measured threshold, transducer, and coupler to real ear transforms.
Many hearing-instrument manufacturers also have developed fitting algorithms for their hearing instruments. In some instances, only threshold information is needed and the program will calculate the frequency/gain and output characteristics of the hearing instruments based on that information. As an example, Figure 8 presents simulated 2-cm3 coupler targets for two programmable hearing instruments (Left-Oticon DigiFocus Compact; Right-Oticon DigiLife Compact) for Mohamed, a two-year-old with moderate hearing loss in the right ear and moderate to severe hearing loss in the left ear. Targets are based on threshold information and fitting rationales developed by the manufacturer. When fitting adults, these settings might be fine tuned based on subjective feedback from the individual wearing the hearing instruments or on additional measures such as loudness growth. In young children, however, additional information may not be attainable.
If an FM system is chosen as primary amplification, selecting target values for the FM portion of the system will be slightly different from the hearing instruments portion of the system. It is beyond the scope of this article to address selection and evaluation of FM systems. The reader is referred to additional sources for that information (Hawkins, 1987; Lewis et al, 1991; Moodie, 1993; ASHA, 1994; Lewis, 1997; Lewis, 1998) .
SUhlhlARY
In summary, it is important to remember that children are not just little adults. Although we can look to information from the adult population for guidance, there are some issues that are specific to the pediatric population. In preselection of any amplification system for a child, it is important to remember our goals. It also is important to individualize the prescription as much as possible with information from the child, the family, and other professionals working with the family. Hearing instrument preselection and fitting is not a one-time procedure. It is an ongoing process that will be returned to, again and again, as more information is learned about the child's hearing loss, as the child grows and hidher amplification needs Trends in Amplification change, and as advances in technology make additional options available.
Once the preselection has been completed, the next step in the process, that of verification, will begin. Accompanying articles will focus on this next step as well as on continued evaluation and follow-up.
